To explore and validate the best returned latent class solution for reading and writing subtests from the Academic Performance Test (TDE). Sample: A total of 1,945 children (6-14 years of age), who answered the TDE, the Development and Well-Being Assessment (DAWBA), and had an estimated intelligence quotient (IQ) higher than 70, came from public schools in São Paulo (35 schools) and Porto Alegre (22 schools) that participated in the 'High Risk Cohort Study for Childhood Psychiatric Disorders' project. They were on average 9.52 years old (standard deviation = 1.856), from the 1st to 9th grades, and 53.3% male. The mean estimated IQ was 102.70 (standard deviation = 16.44). Methods: Via Item Response Theory (IRT), the highest discriminating items ('a'.1.7) were selected from the TDE subtests of reading and writing. A latent class analysis was run based on these subtests. The statistically and empirically best latent class solutions were validated through concurrent (IQ and combined attention deficit hyperactivity disorder [ADHD] diagnoses) and discriminant (major depression diagnoses) measures. Results: A three-class solution was found to be the best model solution, revealing classes of children with good, not-so-good, or poor performance on TDE reading and writing tasks. The three-class solution has been shown to be correlated with estimated IQ and to ADHD diagnosis. No association was observed between the latent class and major depression. Conclusion: The three-class solution showed both concurrent and discriminant validity. This work provides initial evidence of validity for an empirically derived categorical classification of reading, decoding, and writing performance using the TDE. A valid classification encourages further research investing correlates of reading and writing performance using the TDE.
Introduction
The assessment of word recognition and spelling is considered to be, in different alphabetic languages, an effective approach to estimating the performance of basic cognitive levels of processing related to decoding and encoding the writing system. The scores generated by the use of quantitative parameters of errors, both in reading and writing tests, allow inferences about the characteristics of cognitive processes linked to the principle of the alphabetic-orthographic system. 1 New reliable and valid data in this area of study are crucial for improving our knowledge in this field and for helping clinicians, researchers, and policymakers; diagnoses of learning disorders and language difficulties in low-and middle-income countries depend on extremely scarce scientific data to drive an evidence-based framework.
The Academic Performance Test (TDE) 2 is a standardized and validated test for the Brazilian population that assesses both the performance of reading aloud and writing by dictation which are known as the subtests Reading and Writing, respectively. These subtests seek to eliminate interference as much as possible in interpretation and understanding using isolated items (single words). The TDE was created approximately 10 years ago and has been frequently used to measure the performance of basic skills learned in school. It is also one of the instruments used in the diagnosis of learning disorders.
Despite its frequent use, the literature on the test so far is limited in a number of important ways. First, there are very few studies investigating the validity of the TDE among the Brazilian population, and the studies available rely on small samples and lack an assessment of concurrent mental disorders and a proper characterization of cognition. Second, recent research has pointed out some concerns related to discrimination, item difficulty, and the original criteria of the test. 3 To our knowledge, no study has investigated the properties of the TDE using modern statistical techniques such as Item Response Theory (IRT). Third, as far as we are aware, there is no study investigating the TDE from a person-centered perspective (eg, Latent Class Analysis [LCA]), which allows us to investigate classes of subjects that are distinct from each other in both writing and decoding performance simultaneously.
LCA is a form of cluster analysis initially introduced by Lazarsfeld and Henry in 1968. 4 It is the most commonly applied latent structure model for categorical data, 5 allowing the specification of statistical distributions through a model-based method, which differs from methods that apply arbitrary distance metrics to group individuals based on their similarity (for example, K-means clustering). 6 In LCA, unlike in K-means clustering, a statistical model is built for the population from which the data sample was obtained. 7 Latent class analysis may be used as a way to evaluate the diagnostic accuracy of a test when there is not a gold standard against which to compare it. 8 The latent class refers to grouping by performance standards in all the items that measure them. These groupings should then be validated to confirm whether the instrument assesses what it proposes. Also, for a proper analysis of basic skills in the domain of the alphabetic principle, it is important to consider performance in both writing and reading simultaneously.
Here, we make use of a large sample of children to investigate the suitability of test items and to explore and validate classes of subjects with problems in reading and writing simultaneously. It was hypothesized that if there is an underlying latent grouping of children, without a priori classification of the TDE's decoding (word-level skill task) and writing (dictation) items, such categories will have concurrent and divergent validity with other gold standard measures. In other words, if the best latent class solution is a useful screening tool for assessing decoding and writing skills (via very high discrimination of the TDE's items), latent groups of readers showing different levels of decoding and writing skills will be found. Indeed, if the children, who were classified as having different levels of reading and writing skills, show corresponding performance in direct measures of reading, this result will be taken as concurrent validity for the instrument. Conversely, discriminant validity will be granted if no associations are found between reading and writing ability and measurements that are not directly related to reading and writing skills.
Materials and methods
This report is part of a large, community school-based study, performed in multiple steps combining standardized evaluation from a psychiatric and cognitive neuroscience perspective, genetics, and neuroimaging to inform preventive strategies in developmental psychiatry. Our sample in the screening phase consisted of students in public schools with more than 10,000 students in the age range assessed from 57 public schools, located close to the research centers in Porto Alegre and São Paulo, Brazil. The methodological aspects of the project were extensively reviewed by Salum et al; 9 they are briefly presented here: (1) screening; (2) psychiatric assessments; and (3) cognitive evaluation, where assessments of IQ and decoding and writing skills (via the TDE) were collected. This study was approved by the ethics committee of the University of São Paulo (IORG0004884, project Institutional Review Board registration number: 1132/08). Written consent was obtained from all the parents of the participants, and verbal assent was obtained from all the children. When appropriate, written assent also was obtained from the children.
Participants
Our sample was consisted of 1,945 children, who were evaluated by hearing and speech therapists, psychologists, and psychiatrists. They came from São Paulo (35 schools) and Porto Alegre (22 schools) which participated in screening and enrollment procedures; students were on average 9.52 years old (standard deviation [SD] = 1.856), in 1st grade to 9th grade, 53.30% male, and had an intelligence quotient (IQ) higher than 70 (the sample's average IQ was 102.70 [SD = 16.44]). Only children with an estimated IQ higher than 70 were considered in order to avoid intellectual disabilities, submit your manuscript | www.dovepress.com Dovepress Dovepress which might be a potential confounder for low achievement in decoding and writing (word-level skills); the proposed cutoff for intellectual disability (,70) was based on both of the most commonly used diagnostics systems in psychiatry, the DSM-IV (Diagnostic Manual of Mental Disorders) and ICD-10 (International Classification of Diseases).
Of the 1,945 children, 772 children were randomly selected from the population, and 1,173 came from the highrisk strata. Selection for the high-risk group involved a riskprioritization procedure that focused on individuals with a family history of a disorder and/or ongoing symptoms in one of the five targeted domains (attention deficit hyperactivity disorder [ADHD], anxiety, obsessive compulsive disorder [OCD], psychosis, major depression, and learning disorders), as detected during screening. 9 
Academic Performance Test
The Academic Performance Test (TDE) 2 is composed of three subtests: writing (isolated words in dictation); mathematics (oral problem solving and written calculations of mathematical operations); and reading (recognition of isolated words). The instrument is constructed and validated for the Brazilian population. 2 In this research, only the writing and reading subtests were used. The TDE was administered by trained hearing and speech therapists, who gave the following instructions to the children: (a) for the reading subtest: "look at these words carefully and read them aloud"; and (b) for the dictation subtest: "now we are going to do a dictation. I will dictate a word. After that, I will read a sentence where this word appears, and, thus, I will read it [the word] once again. If there is some word which you do not know, try to write it in a way that you know."
Training procedures
Training procedures consisted of two sessions with experienced professionals in the field. Full explanations about the project, instruments, procedures, and standardization for the clinical evaluations were provided, in order to avoid any assessment bias.
Intelligence
IQ was estimated using the vocabulary and block design subtests of the Weschler Intelligence Scale for Children, 3rd edition (WISC-III), 10 the Tellegen and Briggs method which is a modified part-whole correlation formula offered for use in the case of non-independent test administration of the partWechsler subtest combination, 11 and Brazilian normalizations.
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The WISC-III was administered by trained psychologists.
Potential confounder
Simplified Auditory Assessments 13 were conducted by a hearing and speech pathologist. These assessments tested the elicitation of the auropalpebral reflex through instrumental sounds; sound location in five directions; sequential verbal memory for sounds with three and four syllables; and sequential nonverbal memory with three and four percussion musical instruments. The children were classified as having problems in auditory processing, or not. Auditory perception may be one source of individual variation in the phonological abilities that play a critical role in skilled reading, as well as in reading and writing disabilities. 14 Also, in order to evaluate the children's socioeconomic status (SES), the Brazilian Association of Research Companies (ABEP) 15 questionnaire was used, which measures personal material wealth and is a standardized index of economic classification, based on the family's power of consumption.
Psychiatric diagnosis
Child psychiatric diagnosis was established using the Development and Well-Being Assessment (DAWBA), 16 which was administered to the biological parents of all children included in the project. The DAWBA is a structured interview administered by lay interviewers who also record verbatim responses, which were used to confirm or refute diagnoses of any reported problems. All questions are closely related to DSM-IV diagnostic criteria and focus on current problems causing significant distress or social impairment.
A total of nine well-trained psychiatrists performed the rating procedures; they were trained and supervised closely by a senior child psychiatrist with extensive experience in rating the DAWBA. Cases about which raters had doubts about any specific diagnosis were scaled up and discussed between two child psychiatrists until consensus about the diagnosis was achieved.
Statistical analysis plan
First, in order to identify the highest discriminating TDE items, IRT was conducted (we began with this procedure, because the TDE has showed floor and ceiling effect for some items). Through this technique, it is possible to estimate the amount of latent trait (ability) required to correctly answer the item (here, individually, two different latent traits were considered: decoding [word-level reading] and writing [word-level writing], following IRT's unidimensionality assumption). All 104 items are dichotomous (ie, had only a correct or wrong answer). In order to satisfy submit your manuscript | www.dovepress.com Dovepress Dovepress the unidimensionality's postulate, we admitted that there is a dominant ability (latent trait) that is measurable by achievement in a conjunction of items in each of the TDE's subtests. 17 The greater the ability level, the higher the probability of a correct response, and vice versa. Indeed, the probability of success depends on three items' parameters: discrimination (denoted by 'a', which describes how well an item can differentiate between examinees having abilities below the item location and those having abilities above the item location); 18 difficulty (denoted by 'b', where typical values have the range -3#b#3, designating the difficulty of the item; in other words, it describes where the item functions along the ability scale); and guessing (normally used in multiple-choice tests; in other words, it is the probability of getting the item correct by guessing alone. In this research, the guessing parameter was not considered, because we are assuming that its probability is 0). Therefore, we worked using a two-parameter logistic model. Baker has pointed out that items with very high discrimination value have 'a'.1.7;
18 based on this criterion, in each latent trait, we looked for items with very high values on the discrimination parameter, which means that the item has a high power of differentiation (discrimination) between children with and without word-level reading and writing skills.
Subsequently, the set of high discriminative items were analyzed via latent class analysis (LCA), a mixture model that aims to uncover unobserved heterogeneity in a population and to find substantively meaningful groups of people that are similar in their responses to measured variables. 19 The idea behind the latent class was to find latent groups underlying the highest discriminative items (ie, items with 'a'.1.7); in other words, latent groups under items that differentiate between children having abilities below the item location and those having abilities above the item location.
To compare different numbers of latent classes' solutions, different information criterion indices were used: Akaike's Information Criterion (AIC); the Bayesian information criterion (BIC), in which small values correspond to better fit; and the sample size-adjusted BIC (ssaBIC). The LoMendell-Rubin (LMR) test 20, 21 and bootstrapped likelihood ratio test (BLRT) were used to test the number of classes in this mixture analysis procedure; the former is obtained by running the k-class and k-1 class analyses and using the derivatives from both models to compute the P-value (a low P-value rejects the k-1 class model in favor of the k-class model). The latter is obtained by bootstrapping, following the procedure described by Asparouhov and Muthén. 22 The classification quality of the model was evaluated according to the entropy criterion, in which the values range from 0 to 1, where values close to 1 indicate good classification. IRT and LCA were conducted via Mplus (v6.12; Muthén and Muthén, Los Angeles, CA, USA). 23 In order to validate the best latent class solution (based on statistical and empirical evidence), concurrent and discriminant validity were assessed using the regression model from STATA (v12; StataCorp, College Station, TX, USA), considering robust SE to adjust for the cluster structure (school level). Covariates such as age, gender, intelligence quotient, auditory processing, and socioeconomic status were considered in the regression models. When intelligence quotient was used as the outcome, it was excluded from the covariates selection. Tables 1 and 2 show the discrimination ('a') and difficulty ('b') parameters of the TDE's subtests (reading and writing, respectively) with their respective SE.
Results

IRT
Regarding the reading subtest, 61 of 70 items showed very high discrimination ('a'.1.7; the range of discrimination among all items was from 9.599 to 1.339); in the writing subset, 10 of 34 items showed very high discrimination (the range of discrimination was from 3.720 to 0.524). Therefore, for the next step, LCA, we considered 71 items (ie, 61+10) from the reading and writing domains. Table 3 shows the fit indices for each model solution (with two, three, four and five-latent class solutions). The two-class solution has acceptable indices and grouped the children into two latent groups: children with poor decoding and writing skills (18.50%) and good decoding and writing skills (81.50%); however under the two-class solution the AIC, BIC, and ssaBIC are highest (among the other solutions). This sort of categorization (ie, dichotomization) might be helpful when it is important to have highly contrasting groups. However, the best statistical solution (AIC = 76,422.476, BIC = 77,560.866, ssaBIC = 76,934.954, entropy = 0.982) was achieved with the three-class solution, in which each class was labeled as follows: children with good decoding and writing skills (GDW; 63.70% of population), not-so-good decoding and writing skills (NsgDW; 22%), and poor decoding and writing skills (PDW; 14.30%), indicating that there is an intermediate class.
LCA
As might be noted from 
Discriminant and concurrent validation
According to Table 5 , the three-class solution was not found to predict a major depression diagnostic (ie, having NsgDW skills [odds ratio {OR}: 1.373, P = 0.315] or PDW skills [OR: 1.534, P = 0.424] in relation to GDW skills), indicating a discriminant validation; in other words, our latent groups were not correlated with depression diagnosis. Regarding the concurrent validity, children with NsgDW and PDW skills were shown to have approximately twice the probability of combined ADHD in relation to children with GDW skills (OR: 2.056, P = 0.015 and OR: 2.258, P , 0.027, respectively).
In the same way, multinomial logistic regressions showed in Table 6 , where the estimated IQs were tested as predictors of the three-class solution's outcomes, considering both Brazilian norms and the Tellegen and Briggs method, returned the result that NsgDW and PDW skills were predictors of estimated IQ, indicating concurrent validity.
Discussion
We were able to demonstrate that a three-class solution encompassing children with good, not-so-good, and poor decoding (ie, word-level reading) and writing performance presented the best fit for our data. We also showed that this three-class latent solution is valid and reliable because it is clearly associated with ADHD and IQ and it is not associated with emotional disorders such as depression.
It is important to stress, regarding IRT results, due to wide age range, the interpretation of IRT's parameters (ie, 'a' and 'b') will give values of discrimination and difficulty centered on the mean age (9.52 years old, SD = 1.85). It is expected that the items (for reading and writing subtests) become easier throughout the children's development process and therefore the values for 'b' will decrease significantly; this effect is called the schooling effect, and it is expected due to the children's increasing literacy. Discrimination concerning items also can change throughout a student's school years; however, it is more stable regarding the schooling effect than difficulty parameter (ie, 'b'), the higher it is ('a'), the higher the information that 'a' brings to the latent trait (ie, θ); therefore, a very high 'a' was chosen for the cut-off parameter.
The majority of the writing subtest was not used in the LCA, because they scored below the Baker's cut-off parameter for a very high discriminative item (according to Baker, a high discriminative score is 1.35-1.69, moderate is 0.65-1.34, low is 0.35-0.64, and very low is 0.01-0.34). 17 However, we cannot say that they did not contribute to measuring the underlying construct of writing ability, because all writing and reading items showed a factor loading statistically significant due to the fact that t-ratios for each item were $1.96 (ie, indicating that the factor loading had a P-value < 0.05. This can be obtained by dividing the 'a' estimate by its SE. For example, taking the last three submit your manuscript | www.dovepress.com The bootstrapped likelihood ratio test did not help in deciding on the number of latent classes, because its P-values were ,0.0001 for any reasonable number of latent classes. One explanation may be that the 71 items were not designed to capture latent classes; as described, they were selected based on the discrimination parameter supplied by IRT. In contrast, the three-class solution model may be a good enough approximate model and does give a reasonable interpretation of reading and writing skills. However, because the P-value submit your manuscript | www.dovepress.com Table 4 Cross-tabs of two-and three-class solutions Abbreviations: GDW, good decoding and writing skills; NsgDW, not-so-good decoding and writing skills; PDW, poor decoding and writing skills. Abbreviations: ADHD, attention deficit hyperactivity disorder; NsgDW, not-so-good decoding and writing skills; PDW, poor decoding and writing skills; SES, socioeconomic status; SE, standard error; IQ, intelligence quotient.
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derived from the Lo-Mendell-Rubin test is higher than 0.05 (P = 0.323), the three-class model was not rejected when compared to the four-class solution, corroborating the previous findings from other fit indices. The class counts based on the most likely posterior class for the four-class solution were, in terms of percentage: 58.62% (related to GDW skilled children), 22.74% and 7.65% (related to two splits of the intermediate category [ie, NsgDW skilled children], which was observed between GDW and PDW skilled children), and 10.98% related to PDW. As can be seen, the two intermediate latent groups within the four-class solution, in terms of reading and writing abilities, do not have a fair interpretation. Regarding statistics, the sample proportion (and as a consequence, the size) of each class within the four-class solution is too small, which also does not help much in the interpretability of classes. The reduction in the BIC and ssaBIC was about 3,000. However, taking into account the reduction from the two-to the threeclass solution, the decline was around 16,000 for AIC, BIC, and ssaBIC; the progression in the reduction for the five-class solution is still around 2,000 (ie, from the four-class solution to the five-class solution, the difference is: 2,062 for AIC, 1,721 for BIC, and 1,890 for ssaBIC).
The four-class solution does not have good interpretability either in terms of reading and writing skills or statistics due to the low proportion within one of the intermediate latent classes (7.56%). The three-class solution is preferable due to previous evidence and due to the nature of TDE's items (basically centered on the decoding skills and, therefore, any other reading/writing domains such as comprehension). Within the four-class solution, two intermediate latent classes emerged as not having any atypical profile (such as high reading but low writing skills or vice versa); we opted, therefore, for the more parsimonious structure (GDW, NsgDW, and PDW skilled children). Indeed, regarding the number of underlying latent classes exclusively related to reading skills, a recent study has identified a three-class solution using 27 items (17 items pertaining to children's reading aloud and ten to silent reading) from the Scale of Evaluation of Reading Competence of Students by the Teacher (EACOL). The EACOL was used to evaluate reading aloud and silent reading among a heterogenic sample of elementary school children (N = 335 children, with an average age of 9.75 years [SD = 1.2]); the classes were called good reader, not-so-good reader, and poor reader. 24 No relation was observed between the three-class solution and a DAWBA diagnostic of major depression. Because the underlying constructs of the three-class solution were based on items related to decoding and writing skills, no correlation was expected to be found between latent classes and major depression. Our finding is in accordance with a study that found that reading difficulty did not directly influence the level of self-evaluation or depression. 25 It is important to stress that a meta-analysis quantified the mean differences in depression measure scores and levels of clinical depression submit your manuscript | www.dovepress.com between students with and without learning disabilities, and it concluded that there is a lack of data-based studies on depression among students with learning disabilities. 26 However, it must be emphasized that in this study, it was not possible to measure learning disorders/disabilities, due to the nature underlying the 71 items that formed the latent classes.
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Regarding the concurrent validity of IQ as a predictor of the three-class solutions' outcomes (the children with GDW skills as the reference group in a multinomial regression model), children with NsgDW and PDW skills were predicted by both estimated IQ measures. The lower the class (ie, PDW), the lower the estimated IQ score, with GDW-skilled children constituting the reference group. In other words, IQ was shown to be a predictor of latent classes. A possible explanation is that, because estimated IQ is calculated using vocabulary and cubes subtests, some studies have pointed out that semantic knowledge is important for recognizing individual words. 27, 28 Moreover, the results are in accordance with a study that found that correlations between reading achievement tests and Weschler intelligence tests were substantially higher when the intelligence tests evaluated verbal abilities than when they evaluated non-verbal abilities. The magnitude of correlation between verbal IQ and word identification was around 0.62 (which is considered moderate) among older readers 29 (older readers, in this paper, were understood to be in the 6th and 7th grades). It should be mentioned that this finding suggests that correlations between reading achievement and tests of intelligence may be an artifact of shared variance to which language-based abilities underlying performance on both sets of measures contribute. 30 A recent publication highlighted the major concerns and controversies surrounding the Diagnostic and Statistical Manual of Mental Disorders IV for learning disorders; a concern with the IQ-achievement discrepancy criterion, for specific learning disorders, stated that the estimation of discrepancy is statistically flawed. 31 Based on convergent evidence from the literature review, the above cited work group recommended that IQ-achievement discrepancy criterions used in DSM-IV should be eliminated.
Corroborating the findings about the concurrent validity of the three-class solution and combined ADHD diagnostic, the authors have pointed out the frequent co-occurrence of ADHD and reading disability: 25%-40% of individuals with one disorder also meet the diagnostic criteria for the other. [32] [33] [34] Considering reading disability and ADHD symptoms (inattentiveness and hyperactivity-impulsivity) as contiguous submit your manuscript | www.dovepress.com traits in population samples, other evidence about the correlation between the two might be pointed out. [35] [36] [37] In the same way, a research study using a larger sample of 15-year-old children from public schools examined psychiatric morbidity and functional impairment of adolescents with and without poor reading skills during mid to late adolescence. Among children with poor reading skills, it found higher rates of concurrent attention deficit/hyperactivity, affective, and anxiety disorders, particularly social phobia and generalized anxiety disorder. 38 Regarding the covariate age used on models where estimated IQs (the three-class solution was used as an outcome to test the estimated IQs' prediction) were considered as an outcome, it is important to point out that a schooling effect was observed in which the higher the education level, the better the achievement in the accuracy of words. 24 This finding strengthens the findings about the three-class solution's concurrent validity. Also, in this same modelings' contexts (ie, the three-class solution as an outcome), SES appeared to be a predictor of the lower classes (PDW skills) in comparison to the higher level class (GDW skills). This is consistent with previous studies where various developmental antecedents (eg, social deprivation, socioeconomic status, family size, maternal reading, a stimulating home environment, maternal depression, and child negligence) have been shown to have a small but significant relation to reading achievement. 8, 39 One strength to be addressed in this study is the possibility of associating IRT and LCA in order to provide, based on very highly discriminative items ('a'.1.7), a categorical solution for a construct, which might be thought of as offering a person-centered perspective. One limitation, which is inherent to this type of analysis, is that this LCA is restricted to the given sample (ie, 1,945 subjects and their achievements and subgroups). However, it is important to stress that the threeclass solution for decoding and writing skills was shown to be reliable and valid. The selection of the highly discriminative items via IRT involving differential item functioning between genders or among different school regions (ie, São Paulo/Porto Alegre) was not considered for discussion here. In other words, we did not test to see if examinees with equal ability but who are from different, unequal groups have an unequal probability of item success, because this paradigm is directly related to a dimensional view of the reading/writing construct. Therefore, it will be important to test differential item functioning in future research exploring the possibility of a dimensional construct underlying the TDE; this could be explored using the factor analysis with covariates or the multiple-group approach.
Conclusion
The three-class solution was shown to have discriminant and concurrent validity, enabling a more accurate grouping of students according to good, not-so-good, or poor performance and making this set of items a reliable indicator of deficits. The latent classes can assist researchers who require reliable and validated categories for diagnosis or identification of other behavior and performance patterns.
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